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= (54) Title: METHOD FOR PRODUCING AN INITLU- POLYCRYSTALLINE SILICON IN THE FORM OF PLATES 
HAVING A LARGE SURFACE AND CHAMBER FOR THE PRECIPITATION OF SILICON 

(54) Ha3BaHHe B3o6peTeHHa: CHOCOE HSrOTOBJIEHH)! HCXOAHOTO nOAMKPMCTAJUIHMECKOrO KPEMHH>I B 
BHAE lUIACTHH C BOJIblUOK lUIOlUAAtlO HOBEPXHOCTH H KAMEPA flH^ OCA^WEHMJi KPEMHH^ 

(57) Abstract: The method includes disposing a flat substrate in the 
chamber, supplying a flow of steam or steam-gas mixture along the 
flat surface of Uie substrate, heating the flat substrate by mean of the 
passing flow, precipitating the silicon from steam or steam-gas 
mixture on the flat surface, drawing the substrate out of the chamber 
^ and subsequent treatment Materials with a specific strength range 
^ from 1.10 Dm cm to 50 Om cm are used as a flat substrate. The : 
subsequent treatment consists of cutting the pxecipitated silicon off . 
the flat substrate. The chamber consists of a body, holders for the flat 
substrates placed within the body in a way making it possible to 
place the flat substrates in horizontal rows, a nozzle supplying steam 
or a steam-gas mixture into the space between the rows and a nipple 
for the evacuation of steam or steam-gas mixture. Electrical supply 
lines are connected to the holders. The nozzles supplying steam or a 
steam-gas mixture are placed on the side of a wall of the body facing 
the longimdinal side of the flat substrate. The number of nozzles 
should not be less than two for each space between the horizontal 
rows. 



o 
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(57) Pc4>epaT: 

CnocoS BKJiK)HaeT paaMemeHHe nJiocKoji ochobu b xaisiepe, noAany no- 
TOKa napa hjih napo-raaoBOH cmcch baojib noBepxHOcrn anocKoA ochobbi, Ha- 
rpeaaHHe njiocKofl ochobbi npoTCKaioiUHM tokom, ocaxyieHHe Ha njiocKyio oc- 
Hosy KpeMHM^ H3 napa hjih napo-rasoBofi cmcch, HSBJieneHHe hjiockoh ochobbi c 
KpeMHHCM M3 KaMcpti, nocjic^^yjomyK) o6pa6oTKy. B KanecTBe nJiocKOH ochobbi 
HcnoxiB3yK)T MarepHanBi c y;ienBHBiM conpoTMBJieHHCM b HHTepaaJie or 1- 10 
Om-cm AO 50 Om cm, a nocjieflyioinyK) o6pa6oTKy npoH3Bo;iflT cpeaaHHeM ocaac- 

J[ieHHOrO KpeMHHA C nJIOCKOH OCHOBBI. 

KaMcpa HMeex Kppnyc, AepjKarejiH wia hjiockhx ochob, ycraHOBJieHHBie b 

KOpnyce C B03M0>KH0CTBK) pa3MeiUeHHH nJIOCKHX OCHOB rOpH30HTaJIBHBIMH pH* 

jiaMH, coiuia AJiM no/iaHH napa hjih napo-moBOii cmcch b npocrpancTBO Mcyajjy 
p^ziaMH nJiocKHX ocHOB, unyqep juis^ BBiBOAa napa hjih napo-rasoBoR cmcch. 
BBCAeHBi TOKonoABOABi, noAcoeAHHeHHBie k ACp^Kareji^M. Conjia jmn no^aHH 
napa hjih napo-rasoBofi cmcch ycraHOBJieHBi co cropoHBi creHKH Kopnyca, o6- 
pameHHOfS K MHHHOH CTopoHe njiocKOii OCHOBBI. KojiHHecTBO coneji BBl6paH0 
He MCHBUie AByx juisi xa^oro npoMexcynca Me»cAy ropHSOHTajiBHBiMH pnAaMH. 
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CnOCOB H3rOTOBJIEHHH HCXOAHOFO 
nOJIHKPHCTAJUIHHECKOrO KPEMHHH B BHflE HJIACTHH C 
EOJIbUIOii ILnOIIUAbK) nOBEPXHOCTH H KAMEPA J^JISI 
OCA^C^HHfl KPEMHHH 

5 06jiaCTb TeXHHKH 

H3o6peTCHHe othochtch k o6;iacTH nojiyneHM nojiynpoBOflHHKOBbix Ma- 
xepHajioB H MO>KeT 6i>rrb HcnojibsoaaHO jinsi npoH3BOACTBa hcxoahopo nonH- 
KpHCxajiJiHHecKoro kpcmhhh b npoqecce ero ocaHWCHHH H3 napa hjih napo- 
rasoBOH ^as&i na HaiperEie ochobu. 
1 0 IlpeAmecTByiomHft ypoBCHt tcxhhkh 

HSSeCTHH pa3JIHHHUe CnOC06H nOJiyHCHHH HCXOflHOrO KpeMHHfl, BKJIK)- 

HaiomHe pasMemeHHe ochobu b KaMepe, HarpeBaHHe ochobu npoxo;i^mHM to- 
KOM, no^any noiOKa napo-raaoBoft cmcch BAOxtb noBepxHocTH ochobw, oca}Kfle- 
HHe Ha ocHOBy KpeuHm m napo-rasoBoi! CMecH, HSBJisneHHe ocHOBbi c KpeM- 
15 HHCM H3 KaMepM (DE, A, 2854707), (JP, A, 52-21453), (US, A, 4125643). 

B 3THX cnoco6ax b KanecTBe ochobu ^Jia ocasKACHM HcnojibsyioT KpcM- 
HHCBbie crepHCHH. 

HsBecTCH cnoco6 rororoBJieHiw HcxojiHoro nojiHKpHcxajiJiHHecKoro 

KpeMHHH B BHZie nJiaCTHH, BKJIIOHaRDWHH paaMCmCHHe lUIOCKOfi OCHOBbI B KaMe- 

20 pe, noAany noTOKa napa MOHOciuiaHa wm napo-moBofi CMecH TpHXJiopcHjiaHa 
H BOAOpo;ia Biiojib noBepxHOCTH njiocxoii ocHOBbi, HarpeaaHPie nnocKoii ocHOBbi 
nporeKaiomHM tokom, oca^eHHe Ha luioci^ ocHOBy xpeMHHH h3 napa hjih 
napo-ra30Boii CMecH, H3BJieHeHHe njiocKoii ochobu c iq^eMHHeM h3 xaMepbi, no- 
cjieflyiomyio o6pa6oTKy (DE, A, 2541284). 

25 CorjiacHO cnocoSy nojiynaiOT HCXOOTbiii nojiHKpHcrajiJiHHecKHH KpcM- 

HHfi oca^eHHeM na Harperbie KpeMHHeBbie ochobbi b npouecce Bo;topo;iHoro 
BoccraHOBJieHHH xjiopcHnanoB hjih b npouecce pasjiosKeHHA MOHOcnnaHa. Oc- 

HOBaMH HBJlHKytCSl KpCMHHCBbie miaCTHHbl lUHpHHOfi OT 3,0 AO 10,0 CM, ZUIHHO^i 

AO 120 CM H TOJiiUHHOH OT 0,1 AO 0,5 CM. IIpeHMymecTBOM 3Toro cnoco6a no 
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cpaBHCHHio c npcAUflymHMH HBJwerca HCKOTopoe yeejuiHeHHe CKopocTH ocaac- 

AeHH5I KpeMHHH. 

OrpaHHHeHHAMH cnoco6a hbjuiiotch: TpyaHOCTE nojiyMCHHa ixiHpoKHX 
KpeMHHeBux njiacTHH - iuiockhx ochob iviH BejieHH^ npoueccoB 60Aopo;iHoro 

BOCCraHOBneHHX KPCMHHH C BUCOKOH npOH3BOilHTeJIbHOCTbK>, HeoSxOZlHMOCTb 

npHMeHCHHK cxaproBoro paaorpCBa ochob c bbicokhm yaejisHUM conpoTHBJie- 

HHeM. 

Hcnojib3yeMoe b 3Tom TCXHHHecKOM pemcHHH ycrpoBcTBO HMcer KpeM- 
HHCBbie njiacTHHH, B npocrpaHCTBO Me»fly KOTopuMH Hcpea coiuio, ycranoB- 
jicHHoe c ysKOH CTopoHti luiocKHx OCHOB, HOAaiCT HOTOK napE HJiH napo-ra30BOH 
CMCCH. TaKoe ycrpoftcTBO HMeer HHSKyio npoH3Bo;^HTejiBHOCTb, o6ycjiOBJieHHyK) 
npeHMymecTBCHHO Majiofi luioma^ibio hjiockoh ochobw. 

HaH6ojiee 6;ih3Khm ycrpoftcTBOM zui^ saHBneHHoro HBJiHercfl KaMepa, co- 
Aep}Kama^ xopnyc, AepHcaTCJiH aha iuiockhx ochob, ycraHOBJieHHbie b Kopnyce c 

B03M0^H0CTbK) paSMemCHH)! IUIOCKHX OCHOB rOpH30HTaJIbHbIMH pHiXaMH, COHJIB 

juisi noiiaHH rasoBoii CMecH b npocrpancTBO uQTKffy paaaMH njiocKHx ochob, 
iinyuep jin^ BbiBOAa napa hjih napo-moBofi cmcch (GB, A, 1560982). 

O^HaKO 3Ta KaMepa npeiiHasHaneHa jui^ snHxaKCHajibHoro HapamHsaHMH 

CnOH KpCMHH^ H HC CJiyHCHT JXJIH UOSiyHCHm nOJIHKpHCTaJlJIHHeCKOrO HCXOHHOrO 

KpeMHHA. JIflsi HarpcBaHHH ojiockhx OCHOB HcnojibsyexcA napy^KHbift BH HH;QrK- 
Top, a pm coneji ycraHOBJien TonbKO co cropOHbi ctchok Kopnyca KaMcpw, o5- 
pamcHHbix K KopoTKHM CTopoHdM nnocKHX OCHOB. KpoMC TOFo, KaMcpa HMcer 
oflHH 3JieKTpoflBHraTejib m^i noBopoxa iuiockhx ochob h jipyTX)H sjieiopoABHra- 
TCJib fljw noBopoTa coneji, hto ycjio^HAcr KOHCTpyKurao. 

PacKpbrrae H3o6peTeHHH 
B ocHOBy HacTOKinero H3o6peTeHHH nocxaBncHa saaana noBHCHTb npo- 
MSBo^HTejibHOCTb H peHTaSejibHOCTb npoH3BOACTBa HcxoAHoro nonHKpHcranjiH- 

HCCKOrO KpCMHHH, a TaK^e CHH3HTb'CT0HM0CTb H TpyflOCMKOCTb nOJiyHCHH^ UII1- 
POKHX OCHOB JUISI HO/iyHCHIM KpCMHHA. 
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TexHHHecKHH peayjiBTax, KoxopuH mohcct Gutb nojiyneH npn ocymecTs- 
jicHHH aaHBJieHHoro cnoco6a, - ynpomcHHC npouecca BO/iopoiiHoro BoccraHOB- 
jieHH)!, yBejiHHCHHe umpHHu iuiockhx ochob h KOJiHHCCTBa nojiynaeMoro hc- 
xoworo KpcMHHH, a xaicHce coKpamcHHe BpcMCHH npouecca h CHMKeime pacxo- 
Aa 3Jieiapo3HeprHH. 

TexHOTCCKHH pe3y/iBTaT, KOTopbiH MO}KeT 5biTb nojiyncH npH ebinojiHe- 
HHM 3a^B;ieHHoro ycrpoHCTBa, - yjiyniiieHHe xexHKKooKcnjiyaTauHOHHbix xa- 
paicrepHCTHK h ynpomcHHe KOHCxpykuHH. 

nocraBJieHHaa saaaqa pemaexcji xcm, hto b iobccxhom cnoco6e HsroroB- 
jieHHH HcxoflHoro nonHKpHcxajiJiHHecKoro xpeMHiw b bhac luiacxHH, BKJiiOHaK)- 
mcM pasMemeHMe njiocxott ochobu b KaMcpe, noflany noroxa napa MOHOCHJiaHa 
HJiH napo-ra30BOH CMecH xpHXiiopcHJiana h BO^opo^a sjionh noBepxHocxH ano- 

CKOH OCHOBBI, HarpCBaHHC nJIOCKOH OCHOBM npOXCKaiOmHM XOKOM, OCa^KflCHHe 

Ha luiocKyio ocHOBy xpeMHra h3 napa hjih napo-raaoBofi cmcch, HSBJieneHHe 
nnocKoH ochobu c KpeMHHeM hs xaMepbi, nocne^yiomyio oSpaSoxxy, corjiacHO 

H306peXCHHK) B KaHCCXBC nnOCKOft OCHOBM HCnOJIBSyiOX MaxepHaJIM, XHMHHeCKH 

HHCpXHBie K napy hjih napo-moBOH cmcch, c yj^ejisHUM conpoxMBJieHHCM b hh- 
xepsajie ox 1- 10 Om-cm j^^o 50 Om*cm, a nocjieflyromyio o6pa6oxKy npoHSBO- 
mr cpeaaHHCM ocajKACHHoro KpeMHHii c njiocxofl ochobw. 

TaxHM o6pa30M, miocKHe KpeMHHeBue ochobh HsroxaBJiHBaKrr nyxcM 
cpesaHHX njiacxHH c oca^cHHoro nojiHKpeMHHH, a ochobu ajih MHoroxpaxHoro 
oca^cACHH^ KpeMHH5i dcs cxapxoBoro paaorpCBa HsroxaBJiHBaiox b Buae otiockhx 
nnacxHH hjih nojioc Heo6xoaHMOH lunpHHU h3 xhmhhccxh HCHXpajibHbix x ra- 
30B0» CMecH MaxepnajioB, xoxopue Moryx npHMCHHXbca CBume 10 h 6ojiee paa. 

Bo3MO>KHU AonojiHHxejibHue Bapnanxbi ocymecxBJicHH^ cnocoSa, b xo- 
xopux uejiecooSpasHO, hxo6u: 

- B xanecTBe njiocxofi ochobu Hcnoji&soBajiH rpa^Hx; 

- B xanecxBc njiocxoft ochob^i Hcnojn^soBajin cnpeccoBaHHuft h cnencH- 
Huft yrjiepoAHuft xoMno3HXHuft Maxepnaji, cocxo^mnii h3 60 - 80 % aec. no- 
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poiUKa MejiKOsepHHCToro rpa(i)HTa c floSaBJieHHCM 20 - 40 % sec. AsyoKHCif 

KpeMHHH; 

- B KanecTBe njiocKott ochobu HcnojibsoeajiH KcpMcr - cneHCHHwii kom- 

nOSHUHOHHUfi MaxepHaJI, COCrOHIUHtt H3 70 - 90 % BCC. OKHCH aJlIOMHHHH 

5 (AI2O3) H 10 - 30 % Bee. >Kejie3a hjih HHKeju; 

- B KanecTBe njiocKOH ochobli McnojiBaoBaJiH npoBo^inmee KBapuesoe 
creioio, cocTOHmee h3 90 - 70% Bee. okhch kpcmhhh h 10 - 30% eec. okhch »ce- 
Jiesa; 

- B KanecTBe njiocKofi ochobu Hcnoji&soBajiH yraepoflnyK) TKant; 

10 - B KanecTBC nJiocKoft ochobh HcnojibsoBanH KpeMHCseMHyio ncaHb c nu- 

poyrjiepo^iHWM hjih nnporpa^HTOBUM noKpwTHeM; 

- npH pasMcmeHHH ruiocKofi ochobbi b KaMepe ee pacnojiarajiH pnjiaMu 
iUiMHHoH cTopoHoic FopHSOHTajibHO, a no^jaHy napa hjih napo-raaoBOH cmcch 
BAOJib noBepxHOCTH njiocKOH ocHOBbi npoHSBOAHJiH &bi, uo MeHbuiei) Mepe, 

15 flByMH noTOKaMH wia Ka^yioro npoMe}KyTKa pn^a co cropoHU ctchkh KaMepw, 
oGpameHHoii k wmHHoa CTopoae luiocKoii ochobei; 

- noflany napa hjih napo-moBoii cmcch BflOJib noBcpxHocro njiocKoii oc- 
HOBbi ^poH3Bo;^HJIH, no MCHbinei! Mepe, jisyMn noTOKaMn jmsi Ka^noro npoMC- 
^cyxKa pK^a co cropoHbi ctchok KaMepbi, oSpamennbix k kopotkhm cxoponaM 

20 lUIOCKOfi OCHOBbl. 

- nepe^ pa3MemeHHeM njiocKott ochobu b KaMepe ee oracnrajiH npn tcm- 
nepaiype, 6ojibmefi, hcm TCMnepaiypa HarpcBaHHa nnocKofi ocHOBbi npw ocbhc- 

AeHHH. 

- cpesaHHe ocajKWHHoro kpcmkhh c iuiockoh ochobw npoH3BOAHJiH c 
25 coxpaHCHHeM Ha Hen cjioh oca^ACHHoro KpcMHH^i TojimnnoH ne MCHee 2 mm, 

nocjie Hero onnmajiH 6bi noBepxHocrn cpe3a lUJiH^OBaHHCM, xpaBjicHHeM h ot- 

MblBKOii B AeH0HH30BaHH0fi BOJ^e. 

nocraBJieHHaH aaiiana raicxce' pemaercH tcm, hto b H3BecTHyK) KaMepy, 
coiiepHcamyK) Kopnyc, flepacaxejiH juisi hjiockhx ochob, ycraHOBJieHHwe b Kopny- 
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Ce C B03M0»CH0CTBI0 paSMemCHIW rUlOCKHX OCHOB ropraOHTaJIbHBIMH p5!iiaMH, 

conjia juiH nonmu napa hjih napo-raaoBOft CMecH e npocrpaHCTBo MCHCfly pn^a- 
MH luiocKHX OCHOB, iiTiyucp ^ojiH BBiBOfla napa HJIH napo-ra30Bofi cmcch, corjiac- 
HO H3o6peTeHHio BBCiieHLi TOKonoOTOiiw, nojicoeflHHeHHbie k iiep)KaTe;iaM, co- 
ana juiJi noflaHH napa hjih napo-rasoaoH cmcch ycxaHOBjieHti co cxopoHbi ctch- 
KH Kopnyca, o6pameHHofi k ajihhhoh cTopone hjiockoh ochobm, npn 3tom ko- 
jiHHecTBO coneji Bufipano ne MCHbuie jmyx nsm Ka^oro npoMe^cynca Mcxciiy 

r0pH30HTaJIbHbIMH pHAaMH. 

B03M0^HI»I ^lOnOJlHHTeJIBHWe BapHaHTM BBinOJlHeHHH KaMepM, B KOTOpblX 

uejiecoo6pa3HO, ™6m: 

- 6BiJia BBe^iena ceroa, ycraHOBJienHaH b Kopnyce nepe^ BLixoflaMH coneji; 

- 6buiH 6bi BBe/iCHBi j^onojiHHxejiBHBie conjia, ycraHOBJieHHBie co cropo- 
HBi CTCHOK KOpnyca, o6pameHHBix k KoponcHM CToponaM nnocKoii ochobbi, npn 

3T0M KOJIHHeCTBO flOnOJIHHTCJIBHBIX COnCJI 6bUI0 6bI BBlSpaHO He MCHBUie AByx 

/uifl Ka^icaoro npoMe^fcyrca MCMCfly ropH30HTajiBHBiMH psmmvi. 

YKaaaHMBie npcHMymecxBa, a xaicMce oco6eHHOCTH nacrojimero H3o6pe- 
TCHH^ noflCHJiioTCH BapHaHxaMH ee ocymecraneKHH co ccBuiKaMH na npMJiarae- 
MBie 4)HrypBi. 

KpaxKoe onncaHHe HepTejKcii 
Our, 1 H3o6pa»aeT KOHcxpyicuHK) KaMcpBi (cxeMaxHHHo), npoflOJiBHoe 
ceHCHHe; 

4)Hr. 2 - TO Hce, *rro (jinr. 1, bhu caepxy Ha (^ht. I Sea kpbiuikh; 

$Hr. 3 - ocHOBy c oca^KaeHHBiM KpcMnneM, npo^ojiBHoe ceneHHe; 

(^Hr. 4 - TO Hce, hto 4)Hr. 3, nonepcHHoe cencHHe. 

JlyHIHHH BapHBHT ocymccTBjieHHH H3o6peTeHH^ 

riocKOJiBxy 3ajiBJieHHBiii cnoco6 peajiHaycTca b pa6oTe ycTpoiiCTBa, to 
onHcaHHC cnocoSa npHBe^eHo npn oiracaHHH 4)yHKUHOHHpOBaHH>i xaMepBi. 

KaMepa (4)Hr. 1, 2) HMcer kopnyc 1, AepxcaTCJiH 2 iuiockhx ochob 3, 
ycTaHOBJiCHHBie B Kopnyce 1 c bo3Mohchoctbio paaMemcHHH hjiockhx ochob 3 
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ropH30HTajiSHUMH pflj^aMH. KaMepa tsliokq coflepMCHx conjia 4 uojmH napa 
MJiH napo-raaoBofi cmcch b npocrpaHCXBO Me^cfly psuxmn n/iocKHX ochob 3 h 
unyuep 5 jsm BUBOAa riapa hjih napo-moBoH cmccm. Tokohootojih 6 no;icoe- 
^HHeHti K jiep^axeraM 2. Conjia 4 ycxaHOBJieHU co cropoHw ctchkh Kopnyca 1, 
o6pameHHOH k juiUHHoii cxopoHe luiocKofi ochobm 3. Kojihhcctbo coneji 4 bw- 
6paHo He MCHBine jxsyx jxn^ Ka^^ioro npoMe^Ka MOK^y ropH30HTaji£>HLiMH 
piiiiaMH. Ha 4)Hrype 1 xaK^e cxcMaraqno noKaaaHti Kptimxa 7 KaMcpEJ h bbi- 
nojiHCHHoe B Hetf okho 8, Tpy5onpdBoji 9 /uih nojiami napa hjih napo-raaoBoR 
CMecH K conjiaM 4. 

B Kopnyc 1 mokct 6biTb BBeflena cexKa 10 (4>Hr, 1), ycraHOBJieHHan ne- 
pea BBixoflaMH coneji 4 jiflsi pacccHBaHHH noxoKOB napa hjih napo-ra30BOH cmc- 
ch. 

B KOHCxpyKUHK) Moryr 6uxb BBe;ieHti ;ionojiHHxejibHMe coojia 11, ycra- 
HOBJieHHue CO cxopoHM cxcHOK Kopnyca i, oSpameHHBix k kopoxkhm cxoponaM 
njiocKofi ocHOBU 3. KojiHHCcxBO flonojiHHxejibHUx coneji II MO>Kex Sbixi. bw- 
6paH0 He MCHBiue flByx juisi Ka»cfloro npoMcxcyxKa MCJKfly ropH30HxajibHMMH 
pHj^aMH. ^epe3 flonojiHHxejibHsie conjia 

1 1 MOHcex 6srrb noj^ano ox 20 flo 40 % aec. ox o6mero KOJiHHCcxBa napa hjih na- 
po-ra30BOH CMCCH juiH yjiyHiueHH)! ycjiOBHH Hx nepeMeiiiHBaHHH. 
YcxpoHcxBO pa6oxaex cjiCflyiomHM o6pa30M. 

ITocjie BKJiioHeHHJi xoKa Hepe3 xoKonoflBOflM 6 npoHcxo^HX HaipcBaHHe 
njiocKHX ocHOB 3 jio TCMnepaxyp ox 1050 ^ C ^o 1200 ^ C. Ilocjie hootmh b Kop- 
nyc 1 qepe3 conjia 4, a xairace npn hx HajiHHHH Hepe3 flonoJiHHxejibHbie conjia 
1 1, xpHXJiopcHJiana (Si H CI 3) h Bo^opo/ia (H 2) npoHcxo^HX ocaxcAeHHe KpcM- 
HH^ H3 napo-raaoBOH 4)a3bi aa hjiockhc ochobu 3 no peaKqHH: Si H CI 3 + H 2 = 
Si + 3 HCl. Pa3MemeHHe coneji 4 co cxopoHM cxchkh Kopnyca 1, ofipameHHofi k 
wmnon cxopoHC hjiockoh ochobu 3, noaaojiaex yaejinnnxb CKopocxb h kojih- 
HccxBO ocaxmcHHoro kpcmkhh. OcayKjimm KpcMHHa H3 napa MOHOCHJiana npo- 
H3BOfl5rr Ha pa3orpexbie hjiockhc ochobu 3 6e3 ynacxHH Bo^opoAa. 
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B KanecTBe XHMHHecKH HeftrpajitHbix h npoBOflfluiHx MarepHajiOB 
H3roTOBJienHH luiocKHX ocHOB 3 Moiyr 6HTb HcnoJibsoBaHU yrjiepoiiHue h 
KOMnosHTHwe MarepHajiM Ha ochobc BMcoKoreMneparypHMx okhcjiob c ;io6aB- 
JieHHCM yniepo;ia h McrajuiOB. HeoGxoOTNfyio npoBOAHMOCTb b MaTepHanax 
C03;»aK)T nyrgM H3MCHeHH5i cocraBa h xeMnepaiypfci cncKaHHK KOMnosHTos. Bw- 
6op no^ixoiiflmett aejiHHHHM npoBo;iHMOCTH hcoQxorum h Wfi npaaHJibHOH op- 
raHHsauHH Haqjeea ochobh Tpe6yeM0H TeMnepaTypu. 

ripH 6o;iBmoH BenmHW npoBOOTMOCTH h 6ojiBmoH uiHpHHe ruiocKiix 
OCHOB 3 TOK iuia Hx 3JieKTpoHaipeBa mohcho orpaHHHHTb AO Heo6xoziHivfwx npe- 

fleJIOB JIHUIL nyreM npHMCHCHH^ TOHKMX HJIOCKHX OCHOB 3, npOHHOCTb KOTOpLIX 

MO)KeT OKasaTbCJi HCiiocTaTOHHofi. KpoMe Toro, Heo6xoflHMO nocjie;iOBaTe;iBHoe 

BIOIFOHeHHe nJIOCKHX OCHOB 3 B 3JieKTpHHeCKyK) Ueilb, HTO Mo^ex npMBeCTH K 

HeHcejiarejibHOMy HaMCHeHHio cos cp Me»cfly ^asaun. Bojibuine aenHHHHbi tokob 
Tpe6yK>T xaKHce npHMCHeHHH 6ojibuiHX cenenHft TOKonoOTOflOB 6 h btophmhux 
o6motok TpaHc4)opMaTopoB. YcjiOMCHHioTCfl CHCTCMH KOMMyxauHH H pcryjiHpo- 
Bmm. 

JSflR npoBeflCHHJi npoueccoB oczoKOdnm 6e3 BHCceHMH b ocancAaeMbm 
MaxepHaji KaicHX-jiHSo npHMCceii ruiocKHe ochobu h3 yrjiepojiHbix h komhosht- 
Hbix MaxepHarioB npeflaapHxeJibHo noOTcpraiox oxHCHiy b xeHCHHe naca b aa- 
KyyMc npH xcMnepaiypax jxo ISOO'C. 

no OKOHHaHHH npouccca BojiopoAHoro BoccxaHOBJieHHfl npoH3Bo;wx 
yflancHHe c hjiockhx ochob 3 nojiyneHHoro MaxepHana. BHanajie cpesaiox oca^K- 

^leHHUJt KpCMHHft 12 C SOKOBblX CXOpOH HJIOCKOH OCHOBU 3 (4)Mr. 3, 4) JSJl^ C03- 

AaHHH 6a30Bbix njiocKocxcH, Heo6xoiiHMbix nm ycxanoBKH hjiockhx ochob 3 
nepe;i nocjie^yiomeM cpe3aHHH KpeMHHa c mnpoKHx cxopoH. 3axeM cpesaiox 
ocaxuieHHbiH Maxepnaji c mnpoKofl cropoHU luiocKoii ochobu 3, ocxaBJi^a 3a- 
rpasHeHHbili iiH4)4)y3Hefi cjio» xojimHHOft He Mcnee 2 mm. JIhhhh pa3pe3a no- 
KasaHbi Ha ^ht. 3, 4 nyHKxnpoM. 
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rioaroTOBKa K noBTopHoH 3arpy3Ke iuiockhx ochob 3 a KaMepy aaicaHHH- 
saercji mjiHftwBKOH luiocKocreH cpeaa, ipaBJieHHCM h oimubkoK ;ieH0HH30BaH- 

CpeaaHHufi MarepHaji no^BepraiOT raKofi ace oSpaGonce, nocjie nero ero 

MOKHO HCnOJIMOBaTB B KaHCCTBe mHpOKHX IUIOCKHX KpeMKHCBUX OCHOB, a TBK- 

Mce jjflsi nepeiuiaBKH b KaHecrae KycKOBUx hjih Mepnux sarpysoK. JIjui HsroiOB- 

JieHHfl IUIOCKHX OCHOB 3 MO«HO HCn(WlB30BaTB paSJlHHHUe MarepHaJlU, XHMHHe- 

CKH HeftrpajibHsie k napy wm napo-rasoBofl cMecH, c yflcjiBHHM conporHB/iCHH- 
eM OT MO Om-cm (10 Om m^/M)no 50 Om cm(2,510* Om mm^/m). 

IIpHMep 1. B Kainepe BoaopoflHoro BoccraHOBJienHfl nojiynaroT hcxo;i- 
HtiB nojiHKpHcrajuiHqecKHg KpeMHHft B KonHHecTBe OKOJio 400 Kr. Oca)KaeHHe 
npoBOfljiT B npouecce Boaopoworo BoccTaHOBJieHH>i KpeMHHK na 12-to narpe- 
Tbix njiocKHx ocHOBax 3 (Ha 4>Hr. 2 cxeMarHHHo noKaaaHo mecn, njiocKHx ochob 
3), H3roTOBJieHHUx H3 OC060 HHCTOTO rpa4)iiTa MapKH fM3 OCH (hjih rM3 - 

MT OCM) flJIHHOft - 130 CM, UlHpHHOfi - 15 CM H TOJIIOHHOtt - 0,5 CM. JljIHHa 

paSoHeft HacTH luiacTHH, Ha KOTopott npOHCxoOTT oca»fleHHe, - 120 cm. 

y^ejibHoe conpoTHBJieHHe ipa4>HTa p =I.10-^om cm. HpH tbkom hh3kom 
conpoTHBJicHHH npoHSBOflJiT nocjie;iOBaTejiBHoe SKjiioqeHHe ochob c hx cyM- 
MapHUM conpoTHBneHHCM OKOJio 0,18 Om. MHHHMajiBHaii TOJiiuHna hjiockhx 
OCHOB 3.Bu6paHa na hhhchcm npeaejie nporaocro MarepHajia. B npouecce na- 
ipesa iMocKHX ochob 3 ao TCMnepaiyp BoccraHOBJieHHa 1 100 - 1 150°C h oca- 
KaeHHfl Ha HHX KpcMHHfl coiipoTHBJieHHe cHH>KaeTC^. B peayjiBxaTe tok Harpesa 
noBumaercH noHTH no 2000 A. 

nepea HanajioM npouecca BOccxaHOBJieHHa oncpMBaiOT xpuuiKy 7 Kopny- 
ca 1 (4)Hr. 1) H saiqperouioT njiocKHC ochobu 3 rpa^wn s flepHcaxenax 2 toko- 
noflBOflOB 6 (4)Hr. 1, 2) b ropHaonrajiBHOM nojioaceHHH napajuiejisHo h na pac- 
CTOHHHH 8,0 CM. ^pyT OT ffpyrn. 3tom cosaaiOT 6jiaronpHjrrHi.ie ycjioBHa mn 
BsaHMHoro noflorpcBa iuiockhx ochob 3 h flocTHraioT cymecTBCHHofi 3kohomhh 
3Jieiapo3HeprHH. 
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nociie 3arpy3KH xopnyc 1 repMeTHHHO aaKpBiBaiOT KpuuiKofi 7. ea- 
KyyMHpyK,T;,o ocraroHHoro nasnemH (1-2)10-^ Topp. anycKaiOT CMecl bo- 
;iopo4a cnapoM iPH^opcH;iaHa(TXC)Hnpo;iyBaKmOMHH.pa6oHHfio6^eM. 
npouecc BoccraHOBJieHHM nanHHaioT npw H35Bnx)HHOM ji^un^nm cmcch oko.o 
5 100 Topp H TCMnepaiype HarpeBa ochob 1050 - IIOQ- C. B npouecce oca^^e- 
HH, TeMnepaiypy noBsimaioT Ha 80 - lOO'C. TXC no;iaK)T b KO^Hecrae jio 8,0 

KT Ha 1,0 KT OCa^KfleHHOrO KpCMHHH. BoflOpOfl nOflOlOT B KOJlHWCTBe 4 - 5 Ha 

1 TXC. 

nocjie nociyruieHHH b Kopnyc I x^KCJiKie nap« TpHXiiopcHJiana oSsihho 
10 oepaayKJT noBumeHHyK, KOHueHipauHK, a mmicH nac™ KaMepu. Upn HHKneM 
pacno;io;KeHHH miocKHx ochob 3 napo-raaoaa. cMecB 6o.ee p^BHOMepno no^a- 
&rc. K Hx noBcpxHocDm c noMomLK) BeprHKa;iBHo pacnojio^eHHux conoi 4 h 
nynmc nepeMernHBaexc. Boapacraer apeM. KOHiB^ra cmcch c Harp^MH imo- 

CKHMH OCHOBaMH 3. a 06pa3yK>mHftCH XJlOpHCrafi BO^^OpOfl nOilHHMaCTC. BBCpx 

1 5 BMccre c BOflopoflOM H yaajwerc;. h3 Kopnyca 1 KaMcpw Hcpes unyuep 5. 

npH nojiyHCHHH 400 kp kpcmhhh Ha KaiKflyio luiocKyw ocHOBy 3 oca;K- 
Ji^T33,5 KTMaxepHana. B K0H«e npouecca ocaayieHH. uiMpHHa o^iockhx ochob 
3 flocTHraer 21 cm. HpH cpei,HeH ae^e noaepxHocTH ocmacum c ^Byx 
CTopoH nnocKofi ocHoasi 3 oKOiio 5040 cm^ h y;ie;ii.HOfi CKopocTH oc^tnm 
20 no;i„KpeMHHH 0.1np./cM^.Hac. BpeM« ocmjicm, aaaanHoro Ko^iHwecraa KpcM- 
HH, cocT^BMer 33500: (5040x0. 1)=66.5 naca «nH 2,8 cyroK. 3a cyr^cH noiiyna- 
K)T 400/2,8=142,8Kr; aa ^ac - 5,9 kt. 

B CBa3H c He3Haqirre;iBHHM HSMeneHHeM npoH3Bo;iHTeiiLHocTH npouecca 

npH MajlOM H3MeHeHHH nOBCpXHOCTH rUlOCKHX OCHOB 3. COOTHOmeHHe KOMHO- 

25 HCHTOB napo-rasoBoft cmcch b npouecce oca>i«,eHHi. He HSMenKKn-. 3to anaHH- 
TCJiBHo ynpomaer TexHOJioniio. 

^ Bee 1 m^ napa TXC pasen 6 kt. HoaroMy 3a nac noaaioT 1,35m^ x 5,9 Kr = 
8.0m^ napa "DCC h oko^io 35.0m^ Bo^opoiia. Ho cpaBHCHHio c H3BecTH«M cnoco- 
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6oM, ocHOBHbie TexHHKo-SKcnjiyaTaiOTOHHHe noKasarejiH npoiUBOiiCTBa yjiyn- 
maiOTca b 1 ,5 - 2,0 paaa. 

no OKOHHaHHH npouccca CHaqajia npcKpamaioT noaaiy aTOKiposHepniH, 
a aaxcM noaaiy napa hjih napo-mosoft cmcch. Ilocjie otofo BaKyyMHpyioT Ka- 
Mepy, BnycKaiOT wsnyx h npoH3BOAHT ee paarpysKy. 

OcaMCflCHHWH KpCMHHH y^iaJIHIOT C OnOCKHX OCHOB 3 npOflOJlbHOH pe3K0H, 

HanpHMep, ajiMasHHMH nHJiaMH. TlpH 3tom BHanane cpeaaioT KpeMHHfi c 6oko- 

BUX CTOpOH lUIOCKHX OCHOB 3, a SaXCM C UIHpOKHX, OCTaBJIHH He MBHee 2 MM 

ocaMcaeHHoro MaiepHajia c KaxnoH cropoHU. Ilepefl nosropHofi aarpysKott c 
noBepxHocreft cpcsa iuiockhx ochob 3 comjra^jOBHBaioT no 1,0 mm KpeMHHH, 
nocne Hero npoHSBowr TpaajieHHe h oxMUBKy b aeHOHHSOBaHHOfl Bo;ie. Cpe- 
3aHHufi MarepHaji noflBeprarox xaKott ^e o6pa6oTKe, nocne Mero iipo6jrr na xyc- 
KH nepefl 3arpy3KOH b XHrejib. Mepnue aarpysKH npeflBapHrejitHO paspesaioT, a 
aarcM uraH^yiOT, Tpasar r OTMHBaKyr. 

npHMep 2. B TOM «e ycrpoficTBe nojiynaioT 400 kt Hcxoworo nojiH- 
KpHcxajijiHiecKoro KpcMHwi. JJflsi cHHJKCHHji npoBOOTMOCTH oca)KfleHHe Beayr 
Ha njiocKHC ocHOBu 3 H3 yrjiepoOToro KOMnosHXHoro MarepHana, cocTo^mero 
Ha 60-80% Bee. h3 hhctofo nopouiKa MCJiKOsepHHCXoro rpa4)HTa c floSaBjieHHCM 
20-40% Bee. iHCTofi flayoKHCH KpeMHHa, cnpeccoBaHHux h cneHfiKHMx npw 
1600°C. Pa3Mepw nnocKHX ochob 3: 120 x 30 x 0,6 cm. VAcnbHoe conpoTHBJie- 
HHe MaxepHajia roiocKHX ochob 3: 0,1-0,3 Om cm. 3to b 200 pa3 Bume hbm b 
npHMcpe 1, HTO nosBCMiHJio 3HaHHTe;iBH0 yBCJiHHHTB mnpHHy H TOjmiHHy nno- 
CKHX ochob 3. ripH 3T0M npoH3BOiiHTejibHocTt npouecca nojiyHeHHfl kpcmhha 
B03pocjia noTTH B 1,8 pasa. npe;iBapHTejitHyio o5pa6oTKy njiocKHX ochob 3 h 
npouecc BoccraHOBJieHHa KpcMHHa Be^yr aHajioniHHo npHMepy 1. 

IIpHMep 3. B TOM »ce ycrpoHcrae nojiynaiOT 400 kt HcxoflHoro nojiHicpH- 
crajuiHHecKoro kpcmhhh. B KanecTBe hjiockhx ochob 3 ncnojiBsyiOT njiacTHHw, 
HsroTOBJieHHue h3 KcpMcra - KOMnosHnnoHHoro MarepHajia, cocroamero na 70- 

9P% Bee. H3 HHCTOii OKHCH aJlIOMHHHa (AI2O3) H 10 - 30% BSC. JKCJiesa HJIH HH- 
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Kcju, cneneHHux npH 1700'C. npHMemaox roiocicHe ochobu 3 juiHHoii 120cm. 
lUHpHHofi 30cM H TOJimHHoa 0,6 CM. Y^iejibHoe conpamBJicHHe MaxepHajia ruio- 
CKHx ocHOB 3: 0,1 - 0,3 Om-cm. noflroroBKa iuiockhx ochob 3, npoBe^eHHe 
npouecca nonyHmm KpeMHHa h ero peayjitraTM anajioraHHw npHMcpy 1. 

npHMep 4. B TOM )Ke ycrpoficTBe nojiyMarox 400 kp nonHKpHcrajijiMHe- 

CKOrO KpeMHHJI C HCnOJlBSOBaHHCM B KaneCTBe iuiockhx ochob 3 IWaCTHH H3 

npoBoaHiuero KsapueBoro creioia. npHMemnor luiocioie ochobm 3 flnHHoft 120 

cm. UIKpHHOfi 40 cm H TOJimHHOft 0,4' CM C yfleJlBHHM COnpOTHBJieHHeM OT 0,1 ;io 

25 Om -CM. Creicna cocraBa or 90 ao 70% sec AByoKHCH KpeMHjw h 10-30% 
Bee. OKHCH wejieaa nonyHaioT BtmirHBaHHeM h3 pacnjiaaa no oGmhhoh tcxho- 
JiorHH nojiyHeHHfl TexHHHccKHX cTgKOJi. nojiyneHHe KpcMHHa npoBowrr 
aHajiorHHHO npHMcpy 1. Upu mupme iuiockhx ochob 3 okojio 40 cm npoHSBo- 
flHTem.HOCTb npouecca nonyicHHa kpcmhhji. no cpaBHCHHio c npHBe;ieHHo« b 
npHMepe 1, aoapocjia b 2,3 paaa h cocraBJiaer (npn ocia»fleHHH na 6 hjiockhx 

OCHOB 3) OKOaO 6,0 KT/iaC HJIH OKOJIO 160 KT/cyncH. 

rtpHMep 5. B TOM Mce ycrpoftcTBe nonyqaiOT to ace kojihicctbo KpeMHHH. 
OcaHCflCHHe Beayr na yrnepoanyio TKanb c yflcJibHUM conpoTHBJieHHeM 0,1-10 
Om- CM, uiHpHHoa 70 CM. PaSoHaa fljiHHa nnocKHX ochob 3 paBHa 120 cm. Tloa- 
roTOBKy MBTcpHaJia k ocaxAeHum h npouecc ocajKncHHa BOCCTaHOBJieHHoro 
KpeMHHa BCflyx aHajionraHo npHMepy 1. OcaacflCHHe BcjiyT na mecri, iuiockhx 
ochob 3, BKHiOHeHHux HO ABC B KaMCffyio 4)a3y ipex({»a3Horo Toxa. rijioma^ib no- 
BepxHOCTH mecTO ochob, b 3tom cjiytiae, 6ojibme wiommH noBepxHocxH 12 oc- 
hob (b npHMepe 1) noHro b 2 paaa. no3TOMy msi nojiyneKHfl 400 Kr kpcmhhji 
flocraTOHHO 34-x qacoB c npOHSBOjiHTejiLHOCTBio okojio 12 Kr/nac. 

npHMep 6. B TOM Hce ycTpoHcrae nojiynaioT 400 kt HcxoflHoro nojimcpn- 
CTajuiHiecKoro kpcmhhji. Jinx axoro b Kaiecrae iuiockhx ochob 3 HcnojitsyKyr 
KpeMHeagMHyio TxaHi, c nnpoyrjiepoiiHUM hjih nHporpa4)HTOBbiM noKpuxHCM 
niHpHHofi 50 CM H c YflcjibHUM conpoTHBJicHHeM (XT 25 Om cm flo 50 Om cm. 
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raSapim,! Kaacaoa h3 taecro idiockhx ochob 3 coeraanaioT 120 x 50 x 
0,08 CM. 

B 3T0M cjiyHae npoH3BOflHTejiBHocTb BoapacraCT b 1,45 paaa no cpaBHc- 
HHK) c npHMcpoM 1 H saflaHHOC KOJiHHecTBo KpcMHHJi nojiynaKyr Menee hcm 3a 
flBoe cyroK. npoH3BOOTTejii,HOCTB = 200 Kr/cynoi hjih 8,6 Kr/qac. 

npoMumjieHHaa npHMeuHMOCTb 

HaHSojiee ycneiuHo aajiBJicHHUH cnocofi h xaMepa Moryr 6wti. Hcno;ii.. 
30BaHBi npH nojiyqcHHH HcxoflHoro" nojiHKpHcrajuiHHecKoro KpeMHHa b bhac 
luiacTHH c SojiBmoa luiomaabio noBepxHocxH. 
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OOPMYJIA H30BPETEHIM 

1. Cnoco6 HsroTOBJieHHH HCXo;iHoro nojiMKpHCxajuiHHecKoro KpeMHHH b 
BH^e luiacTHH, BKJUOHaiomHii pasMemeHHe luiocKoti ochobu, noAany noroxa na- 
pa MOHocHJiana hjih napo-rasoBoii CMecH TpuxnopciiJiaHa h aoAopoAa B^ojib no- 

5 BepxHocTH njiocKoil ocHOBbi, HarpeBaHHe luiocKOfi ochobu nporeKaiouiHM to- 
KOM, oca)KAeHHe Ha njiocKyio ocHony kpcmhhh h3 napa hjih napo-ra30BOft cmc- 
CH, HSBneneHHe iuiockoh ochobm c KpCMHHeM m KaMcpw, nocjie^^yiomyK) o5pa- 

60TKy, OTJIHHaiOmHHCH TCM, HTO B KaHeCTBC nJIOCKOfi OCHOBU HCnOJIB3yK)T MaTC- 

pnajiu, XHMHHecKH MHepTHue k napy hjih k napo-rasoBOii cmcch, c yAejiBHUM 
10 conpoTHBJicHHeM B HHTcpBajic OT 1- 10 Om cm AO 50 Om cm, a nocjienyiomyio 
o6pa6oTKy npoHSBOAirr cpesaHHeM ocasKAeHHoro KpeMHHfl c nnocKOH ochobei. 

2. Cnoco6 no n. 1, orjiHHaiomHHca tcm, hto b KaHecxBe njiocKofi ochobei 
HcnoJiB3yK)T rpa(|)HT. 

3. Cnoco6 no n. 1, OTJiHnaiomHHca tcm, hto b KanecTBe hjiockoh ochobli 
15 HcnojibsyioT cnpeccoBaHHUfi h cneneHKbifi yraepoAHbiii KOMnosHTHbifi MaTepw- 

aji, cocT05imHK H3 60 - 80 % bcc. nopouiKa McnKoaepHHcroro rpa4)HTa c Ao6aB- 
jicHHeM 20 - 40 % Bee. AByOKHCH KpeMHHs. 

4. Cnoco6 no n. 1, OTjiH^aiomHHCK tcm, qro b KaMCCTBC nnocKoft ochobu 
HcnojibsyiOT KepMcr - cneneHHWH KOMno3HUHOHHbiH MaTepMaji, cocTonmHii h3 

20 70 - 90 % Bee. OKHCH ajiioMHHHM (AI2O3) H 10 - 30 % Bee. ^ejiesa hjih HHKejifl. 

5. CnocoS no n. 1, orjiHMaiouiHfiea tcm, hto b KaHecTse njiocKoii ochobw 
Hcnojib3yK)T npoBOAHiuee KBapuesoe cTeioio, cocTonmee h3 90 - 70% aec. ABy- 

OKHCH KpeMHHH H 10 - 30% BCC. OKHCH XCCJlCSa. 

6. CnoeoG no n. 1, oTjmnaiomHiteK tcm, hto b KanecTBe njiocKoft ochobbi 
25 HcnojibsyioT yrnepOAHyio TKaHb. 

7. CnocoS no n. 1, oTjiH^aiomnHCH tcm, hto b Ka^ecTBe nnocKott ochobei 
HcnoAbsyioT KpcMHeseMHyio TKanb c nnpoyrAepoAHEiM hjih nHporpa4)HT0BbiM 

nOKpEITHeM, 
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8. Cnoco6 no n. I, OTJiHnaiomHHca tcm, mto npH pa3MemeHHH njiocKOM 
ocHOBU B KaMepe ee pacnojiaraioT pff^aMH juihhhoA cropoHoft ropHSOHxaribHO, a 
noAany napa hjih napo-rasoBoK CMecH baojib noBepxHOcni iuiockoh ochobsi 
npoH3Bowr, no MeHbuieii Mepe, jxByMsi noTOKaMH jmn Ka»CAoro npoMencynca pn- 

5 iia CO CTopoHbi creHKH KdMepu, oGpameHHOii k AnHHHoii cropone njiocKott oc- 
hobu. 

9. Cnoco6 no n. 8, OTnHHaiomHftc^ tcm, hto noziaMy napa hjih napo- 
raaoBoi! cmcch baojib noBepxHocrn njiocKoii ocHOBbi npoHSBOjxHT, no Menbuieii 
Mepe, AByMB noroKaMH ahh KaxcAoro npoMexcyrKa p^Aa co cropoHU crenoK Ka- 

10 MepLi, o6pameHH£iix k kopotkhm cropoHaM njiocKoii ochobei. 

10. Cnoco6 no n. 1, OTJiHHaiomHfica xew, hto nepcA paaMemeHMCM njio- 
CKOH ocHOBbi b KaMcpc cc OTMCHFaioT npH TCMnepaxype, 6ojibmeH, hcm xcMnepa- 
lypa HarpcBaHHH njiocKoft ochobu npn oca^AeHHH. 

IL Cnoco6 no n. 1, OTJinnaioniHHCx tcm, hto cpesaHHe oca^eHHoro 

IS KpeMHHH C nJIOCKOii OCHOBU npOHSBOAflT C COXpaHCHHeM Ha Heft CJIOH OCaSKACH- 

Horo KpeMHHH TonniHHoji He Menee 2 mm, nocjie Hero ohhuibiot nosepxHOCTH 
cpesa uuiH(|)0BaHHeM, ipaBneHHeM r oxMUBKofi b ACHOHHaoBaHHOii boac. 

12. KaMcpa, coAep^amaa Kopnyc, AcpHcaTCJiH ajih njiocKHX ochob, ycra- 
HOBJicHHbie B Kopnyce c B03M0^H0CTbK) pasMemeHHH njiocKHX ochob ropH30H- 

20 TajibHbiMH paaaMH, coHAa AJiH noAaHH napa hjih napo-rasoBofi cmcch b npo- 
crpaHCTBO MesKAy paa^MH hjiockhx ochob, unyqep ansi buboab napa hjih napo- 
rasoBoii cmcch, OTJinnaiomaHCH tcm, hto bbcachw tokohoaboaw, noAcoeAHHen- 
Hbie K AepKaTCJiHM, conjia ansi noAann napa hhh napo-rasoeoft cmcch ycranoB- 

JTCHLI CO CTOpOHbl CTCHKH KOpnyca, 05pameHH0ft K AJIHHHOft CTOpOHC nJIOCKOH 
25 OCHOBU, npH 3T0M KOJIHHeCTBO COHCJI Bbl6paH0 HC MCHbUIC AByX OSl^ KaHCAOFO 

npOMexcynca MQyKjsy ropmoHTajibHUMH piiAaMH. 

13, KaMepa no n. 12, oTJinnaiomaHCH tcm, hto BBCACHa ccTKa, ycTanoB- 
jieHHaH B Kopnyce nepeA BbixoAaMH'coneji. 
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14. KaMepa no n. 12, OTJiHHaiomaHcii tcm, hto BBeAenu AonojiHHrejibHue 
coiuia, ycraHOBJieHHue co cropoHU ctchok Kopnyca, o6pameHHMx k kopotkhm 

CTOpOHaM lUIOCKOii OCHOBU, npH 3T0M KOJIHHeCTBO aOnOJIMHTCJItHUX COnCJI BBI- 

6paH0 He MeHbiue flByx jvm KancAoro npoMOKynca ueyKffy ropHsoHrajibHUMH 

5 pHAaMH. 
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